Abstract: Pollen size and exine structure of the following five Onosma L. species from Slovakia and Italy were studied by light and scanning electron microscopy: Onosma echioides, O. tornensis, O. visianii, O. arenaria, and O. pseudoarenaria. Among the taxa studied, O. echioides has the smallest pollen grains in average (10.5-17.5 × 8.0-14.5 µm), and O. pseudoarenaria the largest grains in average (15.3-20.5 × 12.3-16.3 µm). Pollen grains of all 5 species are small sized, 3-syncolporate, subprolate, heteropolar, with ovate equatorial outlines and circular to rounded triangular polar outlines; the tectum is microechinate. A positive correlation is found between pollen size and chromosome number. The value of pollen characters for taxonomic purposes and the position of the taxa studied within the genus Onosma are discussed.
Introduction
Onosma is a genus with ca. 150 species occurring in dry, cliffy and sunny habitats, and distributed mainly in Eurasia and Mediterranean area, having its center of distribution and maximum concentration of species in Iran (Willis 1973) . It comprises biennal or perennial, hispid herbs, with flowers in terminal cymes, calyx accrescent, stamens inserted at the middle of the corolla, and generally 4 nutlets flat at the base. Besides these characters the species are distinguished on the basis of indumentum composed of specific trichomes, called stellate setae, leading in the past to several mistakes in taxonomy (Ball 1972) .
In Pannonia, a wide region comprising mainly Hungary and southern part of Slovakia, the genus Onosma reaches its northern areal borders in Europe. In this area the following species occur: O. arenaria Waldst. et Kit. (2n = 20) ; O. pseudoarenaria Schur (2n = 26); O. tornensis Jáv. (2n = 14); O. visianii Clementi (2n = 18); they are characterized by different degrees of endangerment (Holub 1999a,b,c) , and deserve attention even for this reason. Unlike these taxa, O. echioides (L.) L. is geographically and morphologically isolated; it is distributed in Italy with five subspecies, from North-East to South, and its areal is prolonged also to Dalmatia (Lacaita 1924a,b) .
According to Jávorka (1906) The data on the pollen size and morphology of the genus Onosma are poor. Only few works, all from Pakistan, can be found in literature: the first investigation about the genera of Lithospermae, comprising also 45 species of Onosma without scanning electron microscopy analysis (Johnston 1954), a palynological study of 9 species of the genus (Qureshi & Qaiser 1987) , and a survey of the family Boraginaceae comprising pollen morphology of 49 species representing 20 genera, including 5 species of Onosma (Perveen et al. 1995) . It results from the works cited above, particularly from the second one (Qureshi & Qaiser 1987) , that the pollen of the species investigated is 3-colporate, subprolate to suboblate, isopolar or heteropolar, exine 1.1-1.3 µm thick, small sized, equatorial diameter 11-24.2 µm, polar axis 13.2-19.8 µm, P/E ratio 0.81-1.26. However, none of the data concerns the species investigated in this paper. Moreover there is another work by Huynh (1972) , who investigated the position of the generative nucleus in the pollen tetrads of O. helveticum, reporting ovate outlines of the grains.
In this study we have carried out a detailed analysis of pollen size and morphology of five taxa of the genus Onosma growing in the South of Slovakia and Central Italy in order to correlate the palynological data with the taxonomy of the genus. 
Material and methods
The collections studied comprise five taxa of Onosma which are representative of Pannonia and Central Italy (Appennino Umbro-Marchigiano). Mature anthers were removed from 53 herbarium specimens (see Appendix) and prepared for light microscopy (LM) and scanning electron microscopy (SEM) by the prolonged acetolysis method of Erdtman (1960) , modified by Abu Asab & Cantino (1989) . For LM the pollen grains were mounted on slides in glycerine jelly. The polar (P) and equatorial (E) axes of 30 grains for each specimen were measured by microscope XS 2100 using a 15× eye piece and a 40× magnification. 180 up to 420 measurements of pollen grains for each taxon were made. For each of the measured pollen grains the ratio of polar to equatorial axis length (P/E) was determined, and the mean P/E ratio was calculated from these individual values. For SEM, the pollen was air dried using 95% ethanol and mounted on a glass cover slip attached to an aluminium stub and then coated with gold, using an Emscope SC 500 vacuum sputtering coater. Subsequent examination was carried out with Jeol Scanning Microscope (JSM-840). The terminology used for pollen description is in accordance with Faegri & Iversen (1975) and Halbritter et al. (2006) . To determine the value of pollen characters in the taxonomy of Onosma, the pollen data were statistically evaluated by the one-way analysis of variance (ANOVA) and Scheffé's range test (Sokal & Rohlf 1981) . All statistical evaluations were done using SPSS v. 13.0.
Results and discussion
According to the classification of Qureshi & Qaiser (1987) , all of the pollen grains studied belong to the pollen Type 1. This is described by authors as the type having ovate equatorial outlines with endoapertures situated closer to the wider pole. Pollen are subprolate, heteropolar; the tectum is echinate with perforations (puncta) all over the surface. Equatorial diameter 11-14.3 µm; polar axis 13.2-17.6 µm; P/E 1.16-1.26.
However, our results (but obtained from other species) are slightly different, especially in the variation of size. The pollen grains (Fig. 1) are small sized, 3-syncolporate, heteropolar, with subprolate shape, but the tectum is microechinate with perforations (puncta) all over the surface; they have ovate equatorial outlines with endoapertures situated approximately in the center between the poles, and circular to rounded triangular polar outlines. The polar axis is 10.5-20.5 µm long, the equatorial axis is 8.0-16.3 µm long, P/E ratio is 1.1-1.6. The variations for individual species are given in Table 1 . A comparison of different species suggests that there are no essential morphological differences, with the exception of pollen size. This was also confirmed by the results of ANOVA tests ( Table 2 ) that showed statistically significant differences of polar and equatorial axis among pollen grains belonging to the taxa investigated. The Scheffé's test clearly showed that in the set studied there are four different groups on the basis of pollen size and further, that these sets correspond with the four groups defined by differences in chromosome number (Fig. 2) . When average size of pollen grains and chromosome number are compared, higher chromosome number within the section Heterotricha corresponds to the bigger pollen grain size of the related taxa (O. pseudoarenaria, 2n = 26; O. arenaria, 2n = 20). The pollen size of the taxa with the lowest chromosome number (O. echioides, O. tornensis, 2n = 14), within the section Asterotricha, is statistically the smallest among the taxa investigated.
In conclusion, with the exception of the pollen size, no taxonomically significant differences between the Onosma taxa investigated for micromorphology of pollen grains were found. However, the pollen size, without other different micro-and macromorphological characters, is of limited taxonomic value on its own. This is in contrast with the considerable variation in pollen characters found by Perveen et al. (1995) , and it confirms that from the palynological point of view, the genus Onosma is a very homogeneous taxon with very little and weak morphological differences that separates various taxa of the genus.
